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Now, for the first time 


Steam Controls Itself 
With Its Own Power 


Automatic temperature or pressure control 
been obtained up to now in only two ways 
self-operating devices and by controllers utilizing 
auxiliary power such as compressed air. Readers 
of “INSTRUMENTS” know that the former are 
inexpensive and convenient but weak and slug- 
gish, and the latter quick-acting, powerful and 
accurate but sometimes costly. 

Now comes the TAG Steam-Operated Controller 
—combining all ‘“‘air-op’’ advantages with ‘‘self- 
op’’ convenience and low cost.... A _ strong 
statement? Yes, but based on performance. 

Write for Catalog J-950 
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This Book - 


ee 


reveals the 


Amazing Adaptability 


f 
MERCOID 


Controls 


for Industrial Purposes 


Send for YOUR Copy 


N° engineer, no techni- 
cally trained man, is too 
busy to contribute to devel- 
opment in his particular 
field or any production phase 
or operation therein. 


Because of this, we are asking 
the engineering and techni- 
cal men of American Industry 
to send for this book and to 
make a little study of MER- 
COID Automatic Controls in 
connection specifically with 
their control problems. 


Weare frank to say that it was 
the technical men of Ameri- 
can Industry who awakened 
us several years ago to the 
potentialities of this little in- 
strument, and prompted the 
research, experimentation 
and developmentwork which 
has since made MERCOID 


so successful and so indis- 
pensable in almost every 
manufacturing industry. 


MERCOID, years ago, proved 

its dependability and accur- 

acy in the heating industry. 
Today—thanks to the Engi- 
neering and Technical Ex- 
ecutives of American Indus- 

try, it is proving just as de- 
pendable, just as positive and 
accurate, and infinitely more 
invaluable, in the control of 
temperature, pressure and 
vacuum for innumerable in- P 
dustrial practices and pro- 7 
cesses. We feel, therefore, 
thatitisessentialthatyou 7 
send for this book. yf 

It is free. Just clip ri American 
thecoupon, fill it Wa Radiator Co. 


: ° Chic: " y 
in, and send it hicago, Ill 
40 Us. /. Send me free illus- 

/ trated literature on 
“ MERCOID Controls. 


AMERICAN RADIATOR (OMPANY yr 


ACCESSORIES DIVISION 


816-820 South Michigan Avenue 


Chicago, Illinois 


f pe 7 

/ Name 
yf Street 

4 City 
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If you are interested in industrial 
instruments for measuring, checking 
or controlling various operations in 
the industries, you should be a 
subscriber and reader of 


INSTRUMENT 


INDUSTRIAL—SCIENTIFIC 





a monthly publication devoted to the 
instrument problems of all industries. 


Subscription - - + $2.00 per year 





Our Guaranteed Distribution 
of 10,000 copies monthly 


is on the rotary plan. 45,000 plants are 
represented on our mailing list to date 
Each issue, 10,000 copies will be sent 
to subscribers and others. The late: 
will be chosen from our list. If you do 
not subscribe you will not receive the 
next issue and every issue contains im 
portant instrument information which 
you should not miss. Two Dollars fo: 
a year’s subscription guarantees you! 
receiving every issue for one year. Any 
) article appearing in a single issue is 

~~ : well worth the price of the subscrip 
A JOURNAL WORTH tion. Mail TWO DOLLARS to-day 
READING and have your name placed upon ou! 
every issue list of paid subscribers. It 
A JOURNAL YOU will be two dollars well invested. 


WILL APPRECIATE 











ARTICLES BY AN EXPERIENCED EDITORIAL STAFF AND COLLABO 
RATORS WITH WIDE EXPERIENCE AND TECHNICAL KNOWLEDGE 


INSTRUMENTS PUBLISHING CO. 


1117 WOLFENDALE ST. PITTSBURGH, PA. 
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The trade name of an organization 
manufacturing indicating, recording and 
controlling temperature instruments of 
the better type, giving utmost satisfac 
tion in service; an organization that 
serves its trade sincerely in all dealings. 
The convincing proof of high quality of 
products is its growth. 


Correspondence invited. We will give 
you the information desired and_ not 
subject you to a long and mechanical 
series of follow-up letters. 








Taylor /nstrument Companies 
. ROCHESTER, N. Y., U. §. A. 


Canadian Plant Manufacturing Distributors 
Tycos Building in Great Britain 
Toronto Short & Mason, Ltd., London 
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MEASURING .. .«. INDICATING .. .. RECORDING 


THE MAIHA 


~ 








MAIHAK 
FEATURES 
Automatic lubrication 

of piston. 


Double helical spring 
operating in tension. 


Easy interchangeable 
piston sleeve. 














Check indicator type in which you are interested 

[] Maihak Indicator No. 2—Speeds up to 400 R.P.M 

[_] Automatic Power Integrator 

[_] High Speed Indicator No. 4——Speeds up to 2000 R.P.M 
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Bacharach Industrial Instrument Co. 


| 7008 Bennett St. Pittsburgh, Pa. 
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Pyrometry 
Simplified 





Entirely self contained. No 
outside batteries, no acces- 
Ding fasevelon sories. No calculating, no 
Pyrometer opportunity for mistakes in 


judgment. 


Pyro Radiation 
i. (Pyrometer 


Write for bulletins 


Pyro 


Pyrometer Instrument Co., 74A Reade St., New York, N. 





GA a4 
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RAWSON 


ELECTRICAL INSTRUMENT CO. 


INCORPORATED 
CAMBRIDGE, MASS. 
SPECIALISTS IN HIGH SENSITIVITY METERS 


SINGLE 
PIVOT 


BI-PIVOT 


RAWSON 
METERS 


Are Giving 
General 
Satisfaction 


in the 


Leading 
Laboratories 
of America 
and Abroad 


MULTIMETER 
D. C. MULTIMETER, 13 


ranges, Reading currents from 
microamp. to 1 amp. and Volt- 
ages from 50 micro volts to 600 
volts. Suitable for use with 
RAWSON THERMO COU- 
PLES IN’ VACUO on RADIO 
FREQUENCIES. 
A.C or D.C. THERMAL 
MULTIMETER, 13 _ Ranges, 
Reading from 2 milliamps to 1 
amp and 60 millivolts to 1000 
volts with resistance of 100 
ohms per volt. Suitable for use 
on D.C. or AUDIO FRE- 
QUENCIES. 
ULTRA SENSITIVE SEMI- 
SUSPENDED METERS for 
currents to .02 microamp and 2 
microvolts. 
ANY single or multirange in- 
cluded in above can be sup- 
plied. 





ELECTROSTATIC VOLTMETER 


ELECTROSTATIC VOLT- 
METERS, single or multiple 
range from 0-120 volts to 2500 
volts for use on A.C. of Com 
mercial or Audio Frequency 
Practically NO LOAD on ci 
cuit. IDEAL for use on output 
voltages on Radio Sets and test 
ing capacity and insulation of 
small condensers. Also OPEN 
CIRCUIT VOLTAGES ON B 
ELIMINATORS. 
WATTMETERS single’ and 
multirange for use on D.C. ot 
A.C. having POWER FAC 
TORS between Unit and .01 
LUSH CABLE TESTERS fo: 
general testing and high resist 
ance faults. 

McCOLLUM EARTH CUR 
RENT METERS for measure- 
ment of Electrolysis in buried 
structures, 


Write for Bulletins 


Factory & Engineering Dept. 


90-92 Windsor Street 
Cambridge, Mass. 


Branch: Sales and Service 
91 Seventh Avenue 
New York City 














March, 1928 INSTRUMENTS 











STANDCO 
HAND TACHOSCOPE 


1928 Model 











Combines a high grade revolution counter and stop 
watch in one case for precision measurements of R.P.M. 


and surface speeds. 
Pressing the trigger X, starts or stops the count as well 
as the watch. 


DON’T GUESS! Use STANDCO Instruments 


HERMAN H. STICHT & CO., 21 Park Row, New York, N. Y. 


Send Bulletin 502, containing a description of the tachoscope. 


Name. 
Address 
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Brinell Testing 
Machines 


Hand and Power Operated 
CWT O 
Brinell Microscopes, Micrometers 
and Depth Gauges to measure ball 


test indentations. 


Pittsburgh Instrument 
& Machine Co. 


1026 Reedsdale St. Pittsburgh, Pa. 


Manufacturers of 
BRINELL MACHINES, SHEET 
METAL TESTERS, SURVEYING 

INSTRUMENTS and SPECIAL 
APPLIANCES 








Portable 
Meters 


he HOYT 
Hoy I All |} 


} 


ited = sc 
It movements ‘oltmeters—Ammeters 
D.C Voltammeters 


Pin this idvertisement t 


your letterhead and 
mail it te HOYT PORTABLI 
METERS 

Hoyt Electrical Instrument Works 


Type 515 Portable Voltmeter . 
Pe . seins sty 857 Boylston Street, Boston, Mass. 








Portland Meters and Counters 





For Measuring and Counting 
Remarkable Accuracy and Endurance 


ADDE & COMPANY, Portland, Maine 











“FENNEL” 
LEVELS, TRANSITS & TACHEOMETERS 


are Surveying Instruments of highest Precision 
Write for Catalogues to 
OTTO FENNEL SONS, Kassel, 85, Germany 
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FEATURES: 
Perfect 
Results 
Manipulation 
exceedingly 
simple 
Magnifications: 
Visual— 
28X to 1,500X 
Photography 
IX to 2,400X 


Moderate Price 


To make the Microscope still m popular 


to yield to the many wishes expressed f 
for Routine Investigations at moderate price, 


THE LEITZ METAL 
For Research Investigations the 


retaim its 


re 


Note 
(Write for Catalo 
Ar 


Manila, P 





Botica de Santa Cruz 





LEITZ METALLURSCOPE 


Model “MC”—A Metal Microscope with Camera 


orac 


prefe 


E. LEITZ, INC. 60 Ea 
AGENTS: Pacific Coast States: Spindler & 
Angeles, CahHf. Canada: The |}. F. Hartz ¢ Ltd 








VERSATILE APPLICATION: 














Metallogray Laboratories an 
mplete Metal Micr pe th ¢ 
we offer 
LURSCOPE “MC” 
Leitz Metallograph will, u? 
rred t r 


g No. 1114 II) 
st Tenth Street, New York, N. Y. 
s ‘ art s i} l 
Por 2, ( P 

Hay 


« 











WANTED 


are 


Several territories 


open for energetic repre 
sentatives to handle our na 
tionally known and adver 
tised portable “PYRO” Py 
Active 


calling on industrial plants 


of 


rometers. salesmen 


every description can 
have good income even as a 


side line. State experience 


Pyrometer Instrument Co. 


74 Reade Street 
New York, City 








When in need of 
CONTROLS, 
THERMOSTATS, 
ELECTRIC 
HEATING UNITS, 
OIL PRE-HEATERS, 
PLATTENS, 


Storage and. circulatior type 
electric water heaters for homes 
and industry Special electri 
heat applications for perform 


ance to the entire satisfaction of 


the user - -- 


Write Us! 
THE AUTOMATIC 
ELECTRIC HEATER CO. 


1505 Race St., PHILADELPHIA, PA 
. = Pink 


ntric will vouch 


Yuer 

(ver the 

Spear ‘ . 
gn 

fey r 

I ir f 
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Instruments 


and Supplies 


For 


Every 
Industry 


Photo—Microscopic Equip- 
ment 

Magnifiers, all sizes 

Binoculars 

Field Glasses 

Hygrometers 

Metallographic Microscopes 

Blue Print Dryers 

Paragon Blue Print 
Machines 

Revolute Blue Print 
Machines 

Blue Streak Blue Print 
Machines 

Continuous Printing, Wash- 
ing and Drying Blue Print 
Machines 

Anemometers 


INSTRUMENTS 
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Revolute Blue Print Machine 








Aneroid Barometers 
Mercurial Barometers 
Rain Gauges 
Recording Barometers 
Testing Thermometers 
for all purposes 
Transits and Levels 
Drafting Room Tables 
Drafting Machines 
Plan Filing Cabinets, 
Metal or Wood 
Drawing Materials 
Drawing Instruments 
Industrial Motion Picture 
Projectors 
Photostats and Blue Prints 
Blue Print Papers 
Brown Print Papers 


Transits and Levels Repaired 
Correspondence Invited—Literature on Request. 


B.K-ELLIOTTCOMPANY 


127 Sixth Street 
Pittsburgh, 
Penna. 


yy 734 Prospect Avenue 
Cleveland, 


Ohio 
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Have your stenographer cut out and file the 3 x 5 cards found bound in 
the back of this issue, listing the principal articles. They will direct you 
to valuable information to which you may wish to refer in the future. 
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yrometer Indicator with fullelectrical 
compensation against cold junction errors and 
having a truly dust and fume proof selective 


switch. 

The indicator has a long clear scale, an iron case to 
magnetically shield the permanent magnet, a bracket 
on which it swivels for convenient reading in any light, 
a dust cover that throws no shadow on the scale. 


In short, a fine instrument. 





WILSON-MAEULEN COMPANY |NC 
381 Concord Avenue New York 





















INDUSTRIAL — SCIENTIFIC 


(Copyright, 1928, by Instruments Publishing Company) 















Vol. 1. No. 3. MARCH 1928 Pittsburgh, Pa. 













To Our Readers 
ie ot has undertaken to make available instrument infor 





mation for all industries 1n one periodical Our purpose is to dis 





seminate information on the uses of instruments in the industries, to act 





as a clearing house for vital information and as a medium for the ex 






change of ideas on this subject. 
g 
The various sections of the magazine made use of to accomplish the 





above purpose were briefly discussed in the February issue. The editor 





will this month take up in more detail the file card section which wall be 
found in the back of all issues of INSTRUMENTS 

These file cards are standard international library size of special color, 
as this will facilitate distinguishing the INSTRUMENTS’ file cards 


from others with which they might be consolidated. No doubt we havi 











all some time or other started an index of articles of interest to us ap 





nearing in the trade journals. As this work takes considerable time it 
| 





probably was discontinued when other work became more pressing 
The editor felt that the work could be performed by the author ot 


the article or an abstractor and printed on cards, at a considerable sav 







ing in time to the individual. If an individual receives only one mag 







azine and this contains one or two articles of interest to him, two courses 





are open: 


1. The reader can index and abstract these articles or have someone 





else do it, which takes between one to two hours to do properly. If th 





paper appears monthly this will amount to about 20 hours work in a 





year. Allowing only 50 cents per hour this represents an expenditure 
of $10.00. 






2. If on the other hand the reader does not index the articles but only 





looks through the magazine, the following occurs: At some future date. 





the reader remembers that he saw an article at some time on a certain 





subject and he must then look through his copies of the paper until he 





finds the information he desires, which entails a considerable loss of time 
INSTRUMENTS’ file cards overcome the difficulty. In a few minut 


with the aid of shears, file cards, which have all the necessary informa 







tiun on the articles in that issue, may be cut out and filed away. All the 
information is then available at any and all times. 
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We are sure that you will want to receive this valuable service « 
month for the small price of $2.00 per year. 

Fill out the subscription blank contained in this issue and mail it ba 
to us immediately so that you may be sure to receive all future issue 


Our New Collaborator 


E take great pleasure in announcing the addition of anotl 
name to the list of our Collaborators: 


Dr. John L. Haughton, Senior Assistant, National Physical Labo: 
tory, Teddington, Middlesex, England. 

The editor urges all readers to consider themselves as collaborators 
the publication of INSTRUMENTS and invites all readers to send i: 
suggestions, criticisms, and interesting information. Another manner 
which the reader can assist is to spread the information of this journal 
among his friends and acquaintances. This is the reason that we hai 


placed subscription blanks in all copies of INSTRUMENTS sent out 


Do Not Assume That You Know How to 


Operate this Instrument—Read the Instructions. 
Scout manufacturers furnish complete sets of concise ai 


easily understandable instructions covering the installation, operati 


and care of their instruments. It behooves the man assigned to the jol 


of installing and caring for the instruments to read the instructions a1 
not to assume that he fully understands their operation. 

Instructions should also be available for reference at all times and not 
filed away or discarded as soon as the installation is completed. It would 
be advisable to frame instructions and mount them convenient to th 
instrument. 


No Back Issues Available 
LTHOUGH over 11,000 copies of both the January and Februar 


issues were printed it is at present impossible for us to furnis! 
copies of either of these issues. The circulation manager would appreciat 
any of our readers returning their copies of these issues if they do not 
intend saving them for future reference. These returned copies will | 
sent to those who have requested these issues. 
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Instruments Appears on the 15th of Each Month 


HE editor wishes to advise the readers that INSTRUMENTS’ 
publication date is the 15th of each month. Some of our readers 
have gained the impression that the publication date is the first of the 
month and that it comes out later in the month due to delays. Others 
write in advising us that they have sent us their subscription but that 
they have not received their copy of the magazine. 
There are several reasons for INSTRUMENTS appearing the middle 
of each month; the most important one is that it does not arrive at a 
time when more pressing mail is received. 


To the Instrument Manufacturers 


T behooves the instrument manufacturers to lend their support to 
INSTRUMENTS as soon as possible. This support may take the two 
following forms: 
1. By supplying information. 
2. By placing their sales message in INSTRUMENTS 
Considering the first item. Several sections of Instruments depend to 
a very large extent upon the co-operation of the instrument companies 
These sections are listed in the order of their importance: 
. New Instruments. 
. Information Section. 
3. Catalogue Library. 
In the NEW INSTRUMENT SECTION will be described the new 


instruments developed by the various companies. This section does not 


] 
e ] 
a 
3 


require that the instrument operate on a wholly new principle, never 
before used. It covers the new instruments made by the manufacturer 
never made by him before; or radical improvements or changes in the 
instruments previously made by him. The editor desires that this section 
be as complete as possible and therefore urges the manufacturers to 
furnish such information. The articles in this section should be about 
1000 words in length, including illustrations. 

The INFORMATION SECTION receives questions as to the sources 
of various types of instruments and these questions can only be answered 
properly if INSTRUMENTS receives a complete set of all catalogues 
and bulletins, issued by the manufacturers, for our technical file. 

The CATALOGUE LIBRARY attempts to list all new literature 
issued by the various companies. The editor therefore suggests that the 
manufacturers send copies of all new literature to him so that it can be 
listed in this section. 

As regards advertising the editor suggests you read page 32 where 
our business manager has a message for all the instrument companies. 
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Contents of Subsequent Issues 


Historical Sketches of Men who have contributed to the advance 
ment of the Instrument Science 

Why Not Build Aircraft Instruments 

Temperature Control in Process Industries 

Correct Connections for Polyphase Watt Meters 

The Measurement of High Temperature by Radiation Pyrometers 

Modern Precision Measuring Tools for Machine Shop Use 

Why Flyers Need Instruments 

Organization in Research 

Weighing Devices 

Conservation through Metering 

The Measurement of Illumination 

Flow Measurement. 

Blind Flying Instruments 

Automatic Combustion Control 

Optical Pyrometry 

Thermometry. 

The Importance of Measurements in the Power Plant 

The Care of Measuring Instruments 

Equipment Used in Aerial Surveying 

Automatic Control of High Temperatures 

The Measurement of Boiler Combustion Zone Temperatures 

Fluid Meters. 

How Lindbergh Got Across 

Instruments for Geodetic Prospecting 

Dilatometry 

The Measurement of Pressure 

Speed Recording Instruments 

Engine Indicators 

New Inventions Needed 

Instruments applied to the Open Hearth for Efficiency 

Thermoradiometers 

Mechanical Vibrations and Their Measurement 

Instruments to improve Diesel Engine Efficiency 


Comparison of Instruments for Measuring Hardness. 
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which Shailenberger’s clear, concise style and remarkable comma 
of language enabled him to give, were always full of fascinating inter: 
to his friends. Among his contemporaries at the Naval Academy wer 
Frank J. Sprague, Dr. Louis Duncan, W. F. C. Hasson, Gilbert Wilk. 
and several others whose names are prominent among electrical e: 
gineers. 

In 1883 he returned to the United States, and in 1884 resigned fro: 
the naval service and thereafter devoted his entire attention to tl 
science of electricity. The Union Switch and Signal Company, unde: 
the management of George Westinghouse, was at that time organizin 
an electric light department, and Shallenberger became associated wit] 
that work. His genius and executive ability were at once recognized 
and he was selected to take charge of the experiments made the follow 
ing summer and fall with the Gaulard and Gibbs alternating current 
apparatus which Westinghouse imported from Europe. During thi: 
period Shallenberger was associated with William Stanley and Reginald 
Belfield in the commercial development of the alternating current sys 
tem. The results of the investigations made by the Union Switch and 
Signal Company led Westinghouse to organize the Westinghouse Elex 
tric Company, and Shallenberger was appointed Chief Electrician of 
that company and later of its successor, the Westinghouse Electric and 
Manufacturing Company. 

In 1889 he went abroad and spent a considerable time in visiting the 
central stations in many of the larger European cities. In 1891 failing 
health compelled him to resign his position as Chief Electrician, but the 
Westinghouse company, unwilling to part with his services, retained 
him as Consulting Electrician. The succeeding winters he was com 
pelled to spend in Colorado, but the summer months were spent at his 
home in Rochester, where he continued his work at a well equipped 
laboratory near his residence. 

In 1897 he organized the Colorado Electric Power Company, of 
which he was President at the time of his death. He returned to Colo 
rado in October of 1897, accompanied by his wife, Mary Woolslai1 
Shallenberger, whom he married November 27, 1889, and their two 
children, a son and a daughter. His strength gradually waned, and dur 
ing the evening of January 23rd, 1898, he passed away. 

Twenty-four years devoted to education, and fourteen years spent 
in giving to the world the fruits of his splendid intellect, span the brief 
period of his life, but each year of that short life witnessed the cultiva 
tion of a most lovable character, the development of a masterly mind, 
and lasting benefits to his fellowmen. 

It would be interesting, indeed, to review many of Shallenberg 
er’s important contributions to the electrical art and to trace back to 
his engineering skill many of the essential features which are utilized in 
the modern systems of electrical distribution. He invented the street 
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lighting system in which each of a series of incandescent lamps is 
shunted by a reactive coil having its winding so proportioned to the 
mass of iron in its core that upon the interruption of the current 
through any lamp, a normal current is allowed to flow through the cor 
responding coil to the remaining lamps by reason of the consequent 
high magnetic saturation of its core. The construction of converters 
with primary and secondary coils separately wound and insulated was 
originated by him. He also was the first, in this country at least, to con 
nect alternating current generators in parallel circuit, and he devised 
ingenious methods and apparatus for that purpose. The compensating 
indicators for showing at the central station the condition of the con 
sumption circuit were worked out by him. His last work was in pro 
ducing a series of alternating current recording and indicating watt 
meters for accurately measuring the energy consumed upon inductive 
as well as non-inductive circuits, and compensating for variations in 
temperature and rates of alternation. But of all his inventions, the de 
velopment of the current meter bearing his name is surrounded with 
the greatest interest, not alone because of its intrinsic value and im 
portance, but because it illustrates the character and mental aptitude 
of the man. While testing an experimental arc lamp upon an alternating 
current circuit, his attention was attracted by the rotation of a small 
spiral spring, which dislodged from its position in the lamp, had fallen 
upon the brass head of the magnet-spool adjacent to a projecting core of 
iron wires. The motion was so slow as to be scarcely perceptible, but it 
did not escape his quick observation. He realized at once that he was 
in the presence of a new phenomenon. All his energies were immedi 
ately devoted to ascertaining the cause. Experiment followed experi 
ment in rapid succession. Before he left the laboratory that night he 
developed from this accidental suggestion the complete conception of 
the alternating current meter, an object for which he, as well as many 
others, had for many months sought in vain. He pursued his further 
experiments with such zeal and good judgment that within a month 
he had produced a complete working meter, in essentially the same 
form that it is manufactured today. 


It is a curious but well recognized fact that important inventions and 
brilliant discoveries are often independently made by different people 
in widely separated localities, and the history of the production of the 
rotary field motor, an essential part of the Shallenberger meter, contains 
a striking instance of this phenomenon. While Shallenberger was pro 
ducing his meter in Pittsburgh, Tesla in New York was preparing to 
make public the wonderful discoveries which he had made in alternat 
ing current motors. Professor Ferraris, at Turin, contemplating with 


the delight of a profound scientist the beauty of a mathematical theory 


successfully demonstrated by the workings of physical apparatus, had 


prepared a paper descriptive of the theory of operation of a small 
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motor which he had previously constructed, and suggesting it apy 
bility to electric meters. Shallenberger’s discovery was made during 1 
week ending April 20th, 1888. Tesla presented the paper regarding 
memorable work before the American Institute of Electrical Engin 
on the evening of May 1, 1888, the same day that his patents were issu 
Professor Ferraris’ article appeared in a journal which, while bearin 
somewhat earlier nominal date, was actually published during eit! 
the last week of April or the early part of May. The results of the w 
of each of these three brilliant inventors was characteristic of their 
spective mental attributes, and while neither might have arrived at t 
special utilization of the others, they independently discovered the fu 
damental theory of the rotating field, one through an inventor's 
tuitive process of reasoning, another through pure mathematical cal 
lations, and the third through a quick perception and intelligent appr 


ciation of the presence of an unusual phenomenon 


Instrument Pioneers 


\ ’ J HEN a man awakes in this world, he discovers that fate h 

established a channel through which his life must flow. Maz 
heredity, his time and place of existence, and the natural laws to whic! 
he must be obedient are determined without the individual having bee: 
consulted. Among the forces out of the Past, which control man’s life, 
are the influences of the men who lived in the Past. To some folk 
appears as though man was a ghost in which walk the dead ideas and 
lifeless beliefs of past generations. “Hands cold and dead seem to mould 
him from the grave.” 


Man also has a free spirit within him. This spirit is not a part of thes 


external influences. Man would have his entire being as free as is thi 
inner force of his being. Because man misinterprets this liberty he seeks, 
he often endeavors to destroy entirely the influence which the Past exerts 
over his life. Such men are like wanderers in the night who extinguish 
their torches in an effort to discern a distant light. But there is no distant 
light and the wanderers are lost in the darkness. 

Rightly understood, however, these hands which reach to us out of th 
Past are friendly hands which transmit to us a helpful light. This benefi 
cent influence of the Past surrounds us on all sides. We walk in parks 


that past hands laid out; we work with machines that past hands con 


t 


structed; we enjoy beautiful buildings that past hands erected; we benef: 
by the knowledge that past hands laboriously accumulated. 

This new section started in INSTRUMENTS last month will covet 
the lives of the various scientists and engineers, who by their contribu 
tions to the science of instruments influenced the later developments in 


the fields in which they worked. 
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Humidity Test Equipment 


By E. B. Wood* 


ILDEWED garments and swelling or cking bureau drawers 


are commonplace phenomena in the summer time. They are pat 
| 


ticularly so in rainy weather. In winter, on the other hand, in heated 


tT 
\ 
1 
J 


homes, a shrinkage or warping of furniture and doors is equally common 
If we seek the causes of these changes in materials between summer and 
winter we find it due to the amount of moisture or water vapor which 
is in the air and therefore available for absorption by wood or other 
fibrous or absorbing substances. In a room having a volume of one thou 
sand cubic feet the air in winter contains normally less than one-fifth of a 
pint of water in the form of vapor wh'le in summer the amount may be 
one and a half pints, or more than seven times the winter quantity 


The amount of water vapor in the air is generally measured in pet 
cent of the maximum amount the air can hold at that temperature and 
pressure. This percentage is usually spoken of as the relative humidity 
The summer condition mentioned above corresponding to approximately) 
ninety per cent relative humidity at 85 degrees Fahrenheit is so near to 
the saturation point that the addition of one-fifth of a pint of vaporized 
water or a drop of three degrees in temperature would result in the for 
mation of fog. 

It is not surprising in view of these data and experiences that tel 
phone apparatus with its complex electrical circuits and closely adjusted 
moving parts should be especially susceptible to the effects of moisture 
The importance of such effects has been recognized in the design of tele 
phone apparatus for many years. However, as the extension of machine 
switching and long distance communication systems has demanded closer 
operating limits and more rigid requirements for apparatus, the impor 
tance of atmospheric conditions has greatly increased and a more precis 
knowledge of their effects has been required 

In response to the demand for improved facilities for the study of th 
effects of humidity, laboratory testing methods and equipment have 

il 
ities are constantly being provided as > volume of humidity testin 
increases. The equipment in present use in the General Development 
Laboratory of the Bell Telephone Laboratories may be divided into thre 
groups comprising large cork insulated rooms, air-tight stationary cham 
bers and small portable units 

In the first group we have three rooms, each of approximately 
cubic feet capacity. The temperature and humidity of each are 


*Apparatus Development Department, Bell 
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trolled by a system of sprays and water-cooled radiators or electric 
ers, through which the air from the room is circulated by a centrifu 
blower and so is conditioned as desired. This apparatus is capabk 
reproducing atmospheric conditions ranging from 30% to 95% 
humidity and from 70 degrees to 110 degrees F. in temperature, t] 
covering practically the entire range of conditions normally existing 
telephone buildings. The operation of the equipment is automatic a 
the accuracy normally obtained is plus or minus one per cent in humidit 
and plus or minus one-half degree F. in temperature. These rooms 
large enough to permit the testing under actual operating conditions 





of large cork-insulated room, showing cable wires 
and terminal blocks undergoing test. 


large pieces of assembled apparatus as well as small parts and raw ma 


terials. An important feature of this equipment is its flexibility, per 
mitting sudden changes in humidity and temperature to be made and 
thereby allowing apparatus to be studied under the fluctuating condi 
tions which have been found to exist in nature. 

In the second group we have two chambers, one of fifty and the other 
of four cubic feet capacity. These consist of an inner air-tight chamber 
within a surrounding compartment which is thoroughly heat-insulated 
from the outside air. The humidity in the inner chamber is controlled 
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by the use of a solution of sulphuric acid contained in a large shallow 
lead tray over which the air is circulated by a fan. The manner in which 
the sulphuric acid and water control the humidity will be discussed late: 
The temperature is controlled by thermostatically regulated electric 
heaters located in the eight-inch surrounding compartment. For tempera 
tures below room temperature an ice-box is provided through which the 
air in the outer enclosure is circulated by a blower. The walls of the 
inner chamber are composed of layers of wood, paper, air spaces and 
cork, and heating and cooling are accomplished by means of heat con 
































Io Ws 


Fig. 2 Small ait 


tight chamber for 





accurate humidity 


control 


duction through these walls from the outer air spaces. This arrangement 
lends itself to extremely accurate control of temperature and humidity 


within the inner enclosure, the variations under normal operating condi 
tions being too small for measurement. This may be called precision 


equipment. It is best adapted for use in tests requiring constant humidity 
and temperature for comparatively long periods such as corrosion tests, 
or for tests requiring extremely accurate and constant atmospheric con 


ditions. 
The type of portable equipment comprising the third group was de 
veloped in response to the demand for a low cost equipment suitable for 
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use in commercial inspection-testing of raw materials and manufactu 
articles such as wire and small apparatus, and to provide additi 
equipment for laboratory testing. Twelve or more of these units are 1 
available, each having a capacity of approximately eight cubic feet. 7 
equipment consists of a large earthenware crock surrounded by a wo 
case, the space between the crock and case being filled with granu 
cork for heat insulation. A thick wood top is provided on which 
mounted a small blower for circulating the air in the crock, a rack 
holding samples, and a heater lamp controlled by a thermostat locat 
in the blower intake duct. Humidity is controlled by a saturated soluti 
of a suitable inorganic salt. The humidity within the enclosure is mea 
ured by means of wet and dry bulb thermometers inserted in the blower 
intake duct through a cork. 

The equipment is capable of producing humidity conditions rangin 
from thirty per cent to ninety per cent and temperatures from appro» 
mately room temperatures to 100 degrees F. No provision is made { 
obtaining conditions below room temperature, but if such a condition 
required, the whole apparatus may be placed in a cooled enclosuri 


Under normal operating conditions, the humidity is maintained withi: 


plus or minus two per cent and the temperature within plus or minu 
one degree F. 

The use made of the sulphuric acid and saturated salt solutions rest 
on some very interesting physical facts. If pure water is placed in an ai 
tight chamber, the humidity will increase until saturation or 100% rela 
tive humidity is reached. According to the accepted theory molecules 
water moving about in the liquid at high velocity escape above it. Som: 
molecules return but the number returning is less than the number escaj 
ing and corisequently the amount of water vapor in the space increases 
steadily until finally the number returning is equal to the number escap 
ing and no further increase in water vapor is possible. The space is the: 
said to be saturated and the relative humidity is one hundred per cent 
The vapor exerts a pressure inside the chamber and that exerted at o1 
hundred per cent humidity is called the vapor pressure of the water at 
that particular temperature and pressure. The relative humidity at an 
time during this evaporation process may be defined as the ratio of tl 
number of molecules per unit volume to the number per unit volume 
saturation, or since for a given temperature the vapor pressure is pr 
portiona! to the number of molecules the relative humidity may be d 
fined as the ratio of the vapor pressure in the space above to the vapor 
pressure of the liquid. 

If a soluble material which has practically no vapor pressure of 
own is added to the water, the vapor pressure of the solution becom 


h 


less than that of pure water. Therefore, if an aqueous solution suc 
a sulphuric acid or soluble salt solution is placed in the chamber, t! 


humidity at equilibrium will be less than one hundred per cent; choi 
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of the proper concentration will give whatever predetermined humidity 
condition may be desired 

For humidity control systems which are practically air-tight, sulphuri 
acid solutions pessess certain advantages over saturated salt solutions 
Humidities ranging from five per cent to one hundred per cent may 
readily be obtained by simply varying the concentration of the solution 
The effect of small changes in temperature on the resulting humidity 
negligible, the change in humidity being in general less than one-tenth 


per cent per degree centigrade. Sulphuric acid itself has practically no 


Fig. 3 Portable heating 
circulating equipment 
with a crock which forms 


} } 
testing chamber 


vapor pressure, the most delicate tests having failed to indicate any tra 
of acid fumes in the atmosphere of the test chamber 


For humidity equipments which are not completely air-tight, such a 
the portable units described above, sulphuric acid solutions or other un 
saturated solutions are not satisfactory since the concentration gradually 
changes by evaporation or by the addition of water absorbed from the 
atmosphere. This difficulty has heen overcome satisfactorily, however, by 
the use of saturated salt solutions. As an example, a saturated solution 
of sodium chloride (common salt) has a definite vapor pressure at a 


—— 
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given temperature which will give a humidity of seventy-five per 
If an excess of the salt is present in the solution the addition or evay 
tion of water has no effect upon the vapor pressure since the soluti 
at all times saturated. Thus it is possible to maintain a practically 
stant humidity in a non-air-tight system provided, of course, that rea 
able precautions to restrict air leakage are observed. 

Data are available in the literature on the vapor pressures of satura 
solutions of soluble materials which may be used to control humid 
over a wide range. Also in many cases, two or more salts may be 
in combination to increase the range of humidity obtainable by 
method. In the laboratories, this method has been used mainly for ma 
taining humidities ranging from sixty-five per cent to ninety-fivi 
cent, but it is known that humidities at least as low as thirty per < 
are similarly obtainable. 

In the use of this method some precautions should be observed. Te: 
perature has in general much greater effect upori the vapor pressure th 
is the case with sulphuric acid solutions. In some cases the vapor pressur 
temperature curve is apparently irregular. The stability characteristi 
each salt should also be known in order to insure freedom from gase: 
impurities in the test chamber. In short, each salt must be given caret 
consideration as to its characteristics before being used. Such precauti 
having been observed, however, saturated salt solutions have the 
vantage of being inexpensive, easy and safe to handle and requiring 
maintenance even though the conditioning period may extend over n 
months. 


Instruments Welcomes the New Instrument Paper. 


The editor has just received an announcement of “The Instrument 
World, a new monthly journal for designers, makers, vendors and use: 
of scientific instruments,” which is to appear in England in May of t! 
year. INSTRUMENTS wishes this new publication every success 

There is no doubt that publications on instruments would not ha 
been possible some years ago. Instruments play an important part 
modern industry. There is, indeed, hardly a development of note that ! 
not been made possible by the results obtained by the use of instrument 
The conservation of natural resources is being accomplished. New sour 
of power are being located and harnessed. 

These papers present an effective medium for publicity to the inst 
ment companies as they cover a specialized field. Experience in all 1: 
dustries has proved the value of specialized journals. 
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Instruments for the Measurement of 
Electrical Insulation 


By A. Watson, Pittsburgh, Penna. 


(Continued from the February issue 


E will now consider the measurement of true insulation qualities 
W :. so far as the life of the material is concerned—leakage over 
the surface and through the material 
From the practical standpoint it is seldom necessary to separate the 
two quantities; as the total combined resistance is the important thing 
To prepare the sample for test it is placed between two sheets of tinfoil 
backed with several thicknesses of dry blotting paper and weights are 
placed on top to insure even distribution of contact. Extension leads of 
tinfoil are carried out and soldered to copper leads 
The insulation value may be measured by the following methods: 
1. Wheatstone Bridge Method. 
2. High Resistance Galvanometer Method 
3. Megohmmeter, which reads directly in megohms 
The Wheatstone bridge method is limited to the measure 
sistance under 0.5 megohms, as even with this low value, a greatet 
accuracy than 5% is seldom obtained due to the high ratio of the bridg 
arms required. 


The voltmeter is at present only used by telephone and tel ‘graph om 


panies. Almost every wire-chief’s desk being equipped with a voltmeter 
of approximately 1000 ohms per volt for testing for so-called “escape of 
line wires.” With such a voltmeter and a steady source of D.C. potential 


very good results can be obtained, when the resistance to be measured is 
from 0.1 to 5 megohms. With higher resistance, it is difhcult to measure 
with any degree of accuracy. 

The voltmeter method remains as the best for makin 
ments as resistance of sheet materials and on high voltage cables befor: 


installation, as for example, when making acceptance tests at the factory 


1 
tf 


The measurement is made as follows: a reading directly across the bat 
tery or generator is taken, then a second reading is taken with th 
known resistance in series with the current source and voltmeter or 
galvanometer. Then 
r, (d —d,) where r resistance of the 


R (in ohms 
) d deflection of the voltmet 


d, 
across the hattery. 

d deflection of the voltmeter in 

series with the current source 


and the resistance under test 


What is today 


recognized as the most reliable method of measuring 
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such high resistances as insulation (resistances of finished equipment 

as motors, generators, wiring and installed cables) is by the use of 
megohmmeter. The instruments available on the market today oper 
on a similar principle—two separate d’ Arsonal type galvanomete: 
are mounted on a common shaft, electrically they are connected so tl 
the turning moment of the one coil, called the voltage coil, is opposed | 
the second coil, until a magnetic balance exists, the current in this 
ond coil being the leakage current through the resistance under t 
Current is led into these coils by special hair springs so designed as 
exert no rotative tension. The movement of the pointer is due entire] 
the differential action of the coils which are both located in the 


magnet field. 
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DOUBLE RECORDER 


CURRENT SOURCE 


These instruments are substantially built and their reliability and a 
curacy is remarkable, considering the various tests they can make. They 
can be furnished in many ranges, to read as low as one ohm and by 
changing a few connections as high as 1000 megohms, with the sam 
accuracy as can be obtained with a precision high-resistance voltmeter 
with the distinct advantage that they read directly in ohms or megohms 
no calculations being necessary. They are as reliable in the hands of 


novice as in the hands of a trained engineer 
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For the measurement of resistances above the range of 1000 megohi 
ich as small and fairly thick samples (also used by several power 
nanies for the measurement of high tension cables and line wires), th 
‘Kenotron™ tube with transformers may be used. Such a circuit is show 
in Fig. 7 adapted to cable testing 
With such an apparatus an extremely higl ». potential may bh 


s made with a 


and r¢ 


applied. It will be noticed that the voltage me 
potential transformer and low voltage voltmete h indicating 
cording. Where the exact ratio of the main transformer “T” is known 1 


1S possible to take the voltage across t 


¢ 


1 
] 
I primary A simple calculation 


ave as well aS LD CU poten 


1K 
then gives both the secondary A. C. volt 
tial applied at c and c,. The indicating instruments are not necessary 


t > 
tne ll 


bs 


] 1 1 T 
und this makes the exact measurement somewhat more different 


where the recorder is used, but are shown in the hgure Wher 


“ 
cating instruments alone are used it is necessary to have several « 


where the double recorder is used. At “A” is shown a fine 1 
pretection if the insulation should break down 

may be shunted with a high resistance sensi 
to operate a circuit breaker in the primary suppl; 


cessive damage should a breakdown occur 


The method of measurement is to ob 
tained on the ampere scale and to take a reading 
when the curve settles to approximately a straig] 
current and potential reading when a desired po 


and maintained for a definite period 

At the start of such a test with the apparatus connectec 
tension cable due to the rather high potential and also rat 
charging current wil 


is a clue to the 


tr) . 
Lf S« 


1 
} 


| 
| 
} 

Woh 
I 


eI 
city between the wires under test, a fairly heavy 
flow. For this reason the shape of the curve in many 
insulation value as much as the exact current and involved 
With a rather long cable in good condition, the charging current 


at high start will rapidly drop to a point near zero current and stay 


while 


this value until the potential strain is so great that a puncture may occur 
All of this must be considered and while on original test the insulation 


may have stood a potential many times that under. operating condition 
it would be unreasonable to subject the cable to the same test potential 
I ime 


ifter being in operation for any great period of 


Therefore, a potential should be chosen to give a reasonable factor of 
i 


1S Y 


show whether the insulation value is being maintained. Many cables 


he operating 


safety and repeated tests made at this p tential at frequent interva 


which originally may have stood a test pi ‘tential of ten times t 
might after several months of service break down with say five times the 
operating potential and yet this same cable have maintained a good lift 


under normal operating conditions. 
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This is mentioned because the author has many times heard engin 
say that such insulation tests are valueless whereas the selection of 
potentials was wrong. A value of three times the operating potentia 
usually all that is required, this will give the true insulation resistanc: 
ohms without the danger of a local breakdown. 

Moisture, dirt, dust and high operating temperatures are the bugh 
of electrical insulation, and when a clean, dry, cool location cannot 
provided, the equipment requires more attention than where these cond 
tions prevail. The life of many machines, operating under severe cond 
tions, can be considerably lengthened at very small cost by periodic cl 
ing, drying and simultaneous checking of the insulation resistance 

A weekly check of the insulation under conditions or mont} 
if not so rigorous should be made by the methods indicated above 
long as the results are consistent the condition of the insulation wo 
ordinarily be considered good. A gradual, but certain lowering of 
resistance will indicate, in ample time that a machine should be cut | 
of service and given a more thorough inspection. 

Disconnecting the windings of the machines in coils or groups 
generally show that some one coil or group is different than the ot! 
coil or groups. Introducing new insulation in the weak spot may sav 
complete rewinding of the machine, which costs nearly as much as 
new machine. 

The A. I. E. E. states that the insulation of a machine should confor: 
to that calculated from the formula: 


Voltage at terminals 
Insulation resistance in megohms oe 
Rating in KVA +- 1000. 


This formula applies only to dry apparatus and generally to n 
While many new dry machines have insulation values exceeding that ca 
culated from the above formula, any number of new and rewound n 
chines with much lower values, have given good service. It must be born 
in mind that this applies to machines at operating temperatures, and that 
the same machine when tested at a much lower temperature should hav: 
a value of three to ten times as large 

As the insulation resistance may vary slightly with the test voltages, 
is best to use the same test voltage at all times, this voltage being from tw 
to five times the operating voltage for apparatus on potentials up to 10 
volts. At higher potentials the resistance should be measured at operati: 
voltage following this with a high potential breakdown test using a p 
tential from two to ten times the operating voltage. 

It is the author's contention that the use of the high potential test 01 


low voltage machines may cause a weakening of the insulation, which | 
tested for resistance only, would show satisfactory, whereas if the hig! 
potential test is used, it should be followed up with a resistance measur 
ment using a potential of twice the operating voltage to determine if th 
insulation has been weakened at any point. 
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The direct reading megohmmeter is the best instrument for such test 
work as it contains its own generating source, the voltage being governed 
by the speed of the driving crank. The output of the generator is so small 
that if a breakdown should occur during the test, the damage to the 
winding is so slight that it can easily be repaired and retested. 

The testing of small apparatus, low potential wires and cables can be 
carried out with the megohmmeter. Small apparatus as relays, voltmeters, 
ammeters, etc., should on being subjected to a test with 500 or 1000 
volts show infinity, as the insulating parts are small and have little vol 
ume. When the resistance is less than infinity it is usually due to mois 
ture or to accumulations of conducting dust or in some cases only a single 
faulty bushing. Brushing the various insulating bushings with a stifl 
brush usually brings the resistance back to its proper value—in any 
event when brushing does not bring the desired result, unsuitable ma- 
terial may have been used and reinsulation should be resorted to. 

In conclusion, it may be stated that the insulation resistance of ma 
chines of a given size need not have a definite fixed value, but that even 
though a low value be found, this low value should remain over long 
periods when tested under similar conditions. If it is found that this 
value is continually falling off it is advisable to overhaul the machine 

A systematic and periodic inspection of wires and cables and plotting 
curves, will in many cases with the proper supervision prevent expensive 
“burnouts” and in addition prevent the loss of current through leakage 

A wise maintenance engineer will not permit poor insulation condi 
tions to exist, but these conditions can only be avoided by consistant sys 
tematic inspections and records. 


Help Us to Help You. 

We can do a very much better job for you if you will tell us what 
kind of a job you want us to do. When filling out the subscription blank 
we suggest that you specify what kinds of instruments you are interested 
in. In the choice of editorial material we will be largely guided by your 
answer. 

Second, if you have any suggestions or information which you feel 
will be of interest to our readers send it to the editor. Someone may be 
looking for just that information. Our Information Section each month 
lists questions sent in by readers. If you know the answer send it to us 
and we will pass it along to the interested party. At some later day he 
may do the same for you. 

You will find in this copy of INSTRUMENTS a subscription blank; 
if you have already sent in your subscription pass this blank to some 
man in your company, whom you know to be interested in obtaining 
instrument information. He will appreciate your doing this and we will 
have gained another reader. 


Help us to help you. 
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Determination of Specific Gravity, 
Surface Moisture and Voids in the 
Fine Aggregate for Use in 
Concrete Mixtures 
By Cloyd M. Chapman, New York, N. Y.** 


HE water-cement ratio theory developed and published by Abran 
at Lewis Institute in 1918, 1s becoming more and more generally 


1 ] 1 
accepted as the mest practical method so far offered to the concrete 1 
dustry for both the design and field control of concrete mixtures to giv 
a known or predetermined strength. In the application of this method 11 


Is necessary that the amount of water entering into each batch of cor 


crete be accurately known and measured. It 1s even re essential that 
the exact water content be known than it is that the exact quantity 

aggregates be known. Cement, being usually added to the mix in weighed 
quantities, presents no serious Measuring prot lem. Coarse aggregates may 
be either measured or weighed with reasonable accuracy and, unless th 

contain an abnormal amount of water, rrection Tor wate! t t 
is usually made. The fine aggregate, however, presents more of a prol 
lem. If a definite water-cement ratio is to be accurately or even appro» 


mately maintained, it is necessary to take unt of t vater th 
fine aggregate. This may vary from zero to ten pet t. of the weigh 
of the fine aggregate in some cases. In a 1 x, with a 5 per cent 
water content in the fine aggregate, there would | irly two gallor 
of water added for each bag of cement tl This may represes 
something like twenty-five per cent. of the total water called for in th 
water-cement ratio specification. If ignored it might mean a differen 
in resulting strength of even more than twenty-five per cent. It is obvious 
therefore that the water content of the fine agg1 vate mu be know 
and taken into account if a serious attempt is made to maintain a definit 
water-cement ratio. One of the difficulties of introducing more un 
versally the use of the the ry has been the reluctance of concrete fiel 
forces to make tests on the job. Concrete, and most of it good concret 
hzs been made for so many years by rule-of-thumb methods, using ar 
trary proportions for the mix and any amount of water that the foreman 


thought best, that it is hard to get these men to realize the need for im 
provement. To suggest the necessity of making m 
of the sand before fixing the amount of water to be added to each batch 
often brings the retort, “We're not running a laboratory on this job 


**Consulting Engineer 
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And there is some excuse for that attitude. To take a sample of sa 
weigh it, dry it, weigh it again, compute the loss, and then compute t 
total water in a batch, and allow for absorbtion, is not a quick and 
ple operation. It takes time and attention. Drying means either dryi 
equipment of some sort or waiting a longer time for air drying to tal 
place. At any rate, for this or other reasons, moisture determinati: 
have often been either entirely omitted or seldom made 


When the inundation method is used for measuring fine aggregates. 
is equally necessary to make accurate determinations of the amount 
water which enters the batch with the inundated sand. Sand measured 
water does not “bulk” like sand measured in a damp state; but 
amount of water in such sand varies with the voids in the inundat 
sand and this is a variable quantity. A variation of even a few per cent 
in the voids in an inundated sand would cause such a large variation 
the amount of water in the sand, that to ignore it would be as illogical 
to ignore the moisture in damp sand. And to determine the voids in ai 
inundated sand is not any simpler or easier in the field than determinit 
moisture. 

It was for the purpose of providing a simple, quick, easy method for 
making determinations of moisture and voids in the field that a new d 
vice was introduced recently to the concrete industry. 


This device is a special double bulb glass flask having a graduated nec} 


and a calibrated volume mark on the constriction between the upper and 


lower bulbs. 

The flask is useful for making determinations of three important phys! 
cal qualities of fine aggregate, namely, Specific Gravity, Surface Mois 
ture, and Voids When Inundated. 


The Specific Gravity determined may be more accurately described 


the Approximate Apparent Specific Gravity since the method prescribed 


for making this determination does not give a result which can truly | 
called the Specific Gravity of the material tested. For example, if th 
fine aggregate being tested is porous, no account is taken of these por 
Such of them as are on or close to the surface of the particles may bh: 
come filled with water during the test and so the displacement of tl 


particle would be reduced by an amount equal to the volume of th 
water entering the pores. But pores or voids within the particles which 
do not become filled with water during the test or which were alread) 
filled with water before starting the test, are not taken into account 
this test. 

This inaccuracy of the method of determining Specific Gravity is, 
however, highly desirable in this particular case. The results are to hi 
used primarily for the purpose of controlling the water-cement ratio 11 
concrete. In computing the ratio of water to cement in a mix the water 
absorbed by the aggregate or existing within the pores of the aggregat 
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should be omitted from the total. The new method, using the new flask. 
provides for the tests for Specific Gravity and for moisture being made 
with the pores of the aggregate filled with water so that no correction 
need subsequently be made for absorbtion by the aggregate. This also 


enables results of Moisture and Inundated Voids test to be expressed 


either as a per cent. of the aggregate or as gallons per hundred pounds 
to be found directly from a chart without mathematical c mputation of 
results and without making any deduction for the absorbtion of th 


aggregate. 

















The method of operation 1S simple and quick The ONLY apparatus r 


quired in addition to the flask is a pair of scales or balances having a 
capacity of about a kilogram and an accuracy of a half a gram 

The procedure followed in making a determination of Spe ific Grav 
ity is as follows: The flask is first filled with water up to the 200 cc mark 
on the intermediate neck between the upper and lower bulbs. Five hun 
dred grams of the sample from which only the surface moistur: has beet 
evaporated 1S then poured into the flask The combined volume of the 
mixture is read on the upper graduated neck of the flask and by the aid 
of a chart the Approximate Apparent Specific Gravity is ascertained. 
ti 


\ 


Fine aggregates from the same source seldom vary much from day 
day in specific gravity, so that after one or two determinations have beet 
made it is usually not necessary to continue making them so long as th 
source of supply is unchanged 

The determination of Surface Moisture is even simpler and consider 
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ably quicker although it requires that the above described Specific G1 
ity determination shall have been made to establish the Specific Gray 
of the fine aggregate. 

To determine Surface Moisture the flask is filled to the 200 cc ma 
with water, 500 grams of the damp aggregate is poured into the flask, t 
resulting volume is read on the upper neck and by means of the ch 
furnished with the flask either the per cent. of moisture or the gallo 
of water per hundred pounds of aggregate is read off directly. The wh 




















operation is performed in a very few minutes 

Voids in inundated fine aggregate are just as quickly and simply d 
termined. In this case the flask is filled to the 400 cc mark on the up) 
neck with water and the aggregate being tested, both water and agg 
gate being brought to the same level. The flask and contents are th 
weighed and the weight of the flask deducted. For convenience the 1 
weight of the empty flask is permanently etched upon the glass. Fror 
the net weight of the contents of the flask and with the aid of the chart 
either the per cent. of voids or the gallons of water in a cubic foot | 
the inundated aggregate is read off directly. 


The first optical pyrometer used in the control of metallurgical opera 
tions was developed by Crova at Le Creusot, France, to measure the 
temperature of the open-hearth furnace, in 1881. 

Seger, a German porcelain maker, invented a scale of fusibility, for 
measuring temperatures in 1883. 

Le Chatelier published his researches on pyrometry in 1886. He di 
covered that a thoroughly satisfactory thermoelectric pyrometer could 
be made by using a junction of pure platinum with a rhodio-platinur 
alloy containing 10 per cent rhodium, a D’Arsonval moving coil galvano 
meter being used as an indicator. 

The first successful attempt to secure an automatic record of high 
temperatures was made by Le Chatelier in conjunction with a therm 
electric pyrometer in 1887. 

Mesure and Nouel pyrometer was invented. This was manufactured 
in Paris in 1888. 

Prof. J. Wiborgh of the School of Mines at Stockholm invented a 
pyrometer in 1888. 

Carl H. Barus, at one time physicist of the U.S.G.S., published hi 
memoir on the gas thermometer and the thermoelement in 1891. Holburn 
& Wien published results of their measurements of temperature, using 
the air thermometer, up to 1300° C. 

Le Chatelier introduced his optical pyrometer in 1892. This was a 
successful development of the method attempted by Ed. Becquerel i: 
1863 to deduce temperature from the luminosity of the heated body 
He also improved the Mesure and Nouel pyrometer by the addition o! 
a photometer. 





















March, 1928 INSTRUMENTS Page 151 


Electric Meter History 


R. C. Lanphier, Springfield, Illinois 


Early Type of Meters 
: oa? to 1880 there was no central-station art as we think of it to 


day. There were very few electric consumers and practically no 
lighting customers, so that the need for measurement of electric quantity 
or energy had hardly been felt at that time 


Direct-Current Meters First to be Developed 


In the period from 1872 to 1879, a few attempts had been made by 
such men as Gardiner and Fuller to produce so-called electric meters 
But these meters were really nothing more than intermittent-time de 
vices recording the total time that 





a current existed in an electric 
circuit. 

A patent for what was prob 
ably the first effective meter was 
taken out in England by John T 
Sprague in 1878. This meter was 
in electrolytic meter in which two 
copper plates carried on spiral 
spring supports were made to ri 
verse their polarity alternately 
when a given weight of metal had 
been deposited. The quantity of 


electricity passed was recorded 





by a train of wheels actuated on 








} each reversal of current 

; 879 or 1880 > ge S 
Fig. 1. Original Thomson commu In 1 or | the genius of 
tator meter (Type TRW) Edison was iurned to the devel 





opment of the central station and 
parallel distribution to customers became an established and important 
fact. At this time the need for integrating meters was felt and Edison 
was the first to solve the problem that presented itself in a commercially 
satisfactory manner. At that period there was no thought of measuring 
electrical energy, that is, watt-hours. The early Edison meters, and others 
invented about the same time, were all quantity meters measuring cou 
lombs or ampere-hours. Edison invented in the period from 1880 to 
1882, two principal types of meters. One was a motor meter which did 
not appeal to him and which, while patented, was never manufactured 
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commercially. The other was an electrolytic-deposit meter, well-know: 
the “Edison chemical meter,” described in further detail below. 

About the same time Dr. Siemens and Prof. Ayrton in Engla 
—, realized the need of integrati: 





meters. To them is generally ascrib 
the credit of the first so-called “cor 
mutator-motor-type meter.” Ayrt 
is generally credited with conceiy 
ing the idea of controlling the spx 
of a motor meter by utilizing th 
Foucault principle of a dampu 
disk reacting with permanent ma 
nets. The joint conceptions of Si 
mens and Ayrton were first reduc 
to a really successful commercia 
basis by Prof. Elihu Thomson wh 
| brought out the well-known Thom 
son meter at Lynn in 1888 





At the same time, Hookham and 
Ferranti in England independently 
developed and announced the first 











Fig. 2. Early Faraday disk mer- 
curyymotor meter, Chamberlain ‘ 
and Hookham, with cover removed. Faraday disk or mercury-motor-ty] 


quantity meters. In these meters ro 
tation of a copper disk partly or wholly submerged in mercury was p1 
duced by the interaction of a suitable permanent magnet with an elec 
tric current through the disk 





Early Types of Alternating- 
Current Meters 


In the meantime, about 1886, after 
the single-phase alternating-current sys- 
tem of distribution became of commer- 
cial importance, several engineers in 
this country and abroad attacked the 
problem of a type of meter adapted 
only to alternating current. Prof. Fer- 
raris first enunciated the principle of . , , 
beld i dd hef Fig. 3. Ferraris model present 
the rotating he in an a ress etore ed to John W. Lieb in 1922 by 
his students at Turin in 1886 or 1887, the Associazione Elettrotecnica 
his discovery being made in 1885. It Italiana. It is a true reproduc 
1S interesting to note that his concep- tion of the original model made 

: PC . by Ferraris in 1885 and pre 
tion of the rotating field was primarily ; a 
. | ; sented to the Accademia della 
for the purpose of producing an elec- Sienze di Torina, March 
tric meter, or as then usually termed, 18, 1888 
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“recording wattmeter.” His announcement was immediately followed 
by the appearance of the first alternating-current meter, made by Borel 
and Paccaud in France. But the first really great work in the alternating 
current meter art was that of Oliver B. Shallenberger, at that time as 
sistant to William Stanley who was then 
Chief Electrical Engineer of the West 
inghouse company. Shallenberger was 





without question one of the greatest en 
gineers and inventors the electrical art 
has known. His invention of the first 
alternating-current amperehour meter, 
whilé partly from accidental observation 
of a peculiar phenomenon one day while 
working in his laboratory, was of far 
reaching importance. 

Shallenberger’s original meter, pro 
duced by the Westinghouse company in 
1888, was purely an amperehour meter 














It consisted of a pair of coils in series 


Oo y “Th. oO} shal 
with the line, having within them two Fig. 4 poe original Shal 

lenberger induction ampere 
short-circuited copper coils set at an our meter wit} os re 
angle to the main coils and finally, with moved 


in these secondary coils, a small disk 

rotor. Rotation of this disk was produced by the interaction of the 

out-of-phase fields set up by the main and secondary coils, the speed 

of rotation thus being proportional to the square of the current. This 

necessitated a retarding or damping force proportional to the square 
of the speed. Mr. Shallenberger 


solved this problem in a most ingeni 





~ 


ous manner by a system of air-damp 
ing vanes carried on the meter shaft. 
The Shallenberger meter and others 
such as the Duncan lamp-hour meter 
developed later, but based on the 
same principle, continued to be the 
most important meters in the alternat 





ing-current art for nearly ten years, 
that is until the watthour meter was 





| produced 








Re. Sisls temahow While these meters destined to sur- 
enetes vive were being developed, many 

others were conceived, many were 

patented, and nearly all passed into oblivion. A few, however, embodied 
real inventive genius and deserve mention—among them, Prof. Thom- 


son’s ““Oscillating-tube” or “rocking-beam™ meter, which he built shortly 
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lefore his famous commutator meter. In this meter a horizontal glass t 
with a bulb arranged at each end was centrally mounted on an 
about which it was free to oscillate, its movements being communicat 
to a train of gears through a suitable ratchet arrangement. The tube 
bulbs were partly filled with liquid and each bulb was surrounded by 
heating coil so arranged that oscillation of the tube would cut the co 


alternately in and out of the circ 





Oscillation of the tube was produ 
by the coils heating first the one a: 
then the other bulb, thereby causi: 
the liquid to flow alternately out ot 
one bulb and into the other. T] 
rate of oscillation was proportion 
to the current and since the ratchet 
arrangement counted the oscillatios 
the total quantity of electricity coul 
be recorded on the dial. This mete: 
was subject to many irregulariti 














Fig. 6. Thomson Beam Meter, 


old model with cover removed, : : 
s exhibited at Louisiana Pur- Another interesting meter was th 


chase Exposition in 1904. so-called ““wind-mill” meter of Prot 


and did not survive. 


George Forbes, the famous Scotcl 
engineer whose advise was so valuable in connection with the early hydr 
engineer whose advice was so valuable in connection with the early hydro 
electric developments at Niagara Falls. His invention was probably th 
first important attempt to meter alternating current. The Forbes meter, 
which was equally suitable for direct current, consisted of a very light 


spiral vane carried in a tube above a 





heating coil and attached to a very 
fine jeweled gear train. The heat from 
the coil was proportional to the square 
of the current and the rotation of the 
spiral vane rotor, retarded under a 
square law, was proportional to the 
quantity of energy passed. This meter 
received the medal of the Franklin 
Institute in 1888 as a recognition of 
the inventive genius displayed, but 











was never commercially manufac- 
tured, 





Fig. 7. Professor Forbes’ wind: 


Many other peculiar and freak 
. mill meter. 


types of meters were produced in this 


Q 


early period and even so late as 1902, but in recent years all such types 


have disappeared. 
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Types of Commutator-Motor Meters 


In the early days of the art—in fact until about 1900—commutator 


motor-type meters, having no iron in the armature or series coils, were 
widely used on alternating-current circuits, especially where measurement 


of energy rather than quantity was desired. But since that time this type 





of meter has had almost its entire appli 
cation on direct-current circuits. The ear 
liest successful type of motor meter was 
essentially a small shunt motor, having an 
armature wound with a number of sec 
tions of very fine wire and equipped with 
a suitable commutator and brushes, con 
nected in series with a high resistance 
the circuit to be measured. The 





across 
main or series cé ils of commutator-motor 
type meters are connected in the line so 
as to carry the entire load current. Mo 
tion is transferred from the shaft to a 
train of gears or register. Speed control 








is effected by a copper or aluminum disk 





passing through the gaps of permanent seems 
magnets. Light-load compensation or cor fips Ms becisuon abiegteos 
rection for initial friction is obtained in “t love 
various ways, but all involving the reac 
tion of a coil in the voltage circuit with the armature 
coil,” as it is called, has been arranged in some meters of this type to 
move in and out with respect to the armature; in others to tilt, and in 
others to swing. In still others the coil has 
been fixed and its effect varied by a small rheo 


This “starting 





1S 


stat cutting in more or less of its turns. Thi 
general type of meter has been built in many 
forms and with many modifications in_ this 
country and abroad since 1888. It is still th 
most widely used type of direct-current watt 
hour meter. 

Confusion existed for a great many years 
in the use of the incorrect term, “recording 
wattmeter,’ for what is now correctly called 
“watthour meter.” Obviously a recording watt 
meter is a graphic instrument recording powet 
values on a chart. Recognizing the inaccuracy 
of this term, American manufacturers about 
twenty years ago adopted the better expres 














Fig. 9 Duncan mod 


ern commutator meter sion “integrating wattmeter. But a few year 
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later, at the suggestion of the U. S. Bureau of Standards, this term \ 

dropped and all American manufacturers and many foreign ones hav 
since employed the correct term “watthour meter,” or “kilowatt-ho 

meter’ for all types of alternating-current and direct-current ene1 

meters. Similarly, the term “amperehour meter” is correctly employ 

for direct-current quantity meters, there having been no alternati: 

current quantity meters in use for many years. English manufacture: 
have long employed the general term, “electricity meter” for both quan 
tity and energy meters. 

Another type of direct-current meter that has been widely used i: 
Europe for more than twenty years, although to no extent in this country 
is the commutator-type amperehour meter. It consists essentially of ai 
armature connected across a shunt in the line and reacting with the fi 
of a permanent magnet. The driving and 





retarding forces are thus directly propor 
tional to the current and give an indica- 
tion on the register of quantity, that is, 
amperehours. This meter has the advan 
tage from the European standpoint of be 
ing considerably cheaper and smaller than 






KELOWATT- HOUR 


a commutator-type watthour meter. It is 
also considered especially advantageous 
because, having no voltage coil, it is free 
from the rather heavy continuous losses 
found in nearly all commutator-type watt- 
hour meters. Many users feel that the 
lower accuracy of the direct-current com- 
mutator amperehour meter on light load 








as compared with the watthour meter is 





offset by the elimination of voltage-circuit Pc, 2 Wieden Perrant 
losses. It is interesting to note 1n this con- Meter with cover removed 
nection that a modern direct-current watt- 

hour meter having a voltage-circuit loss of say four watts at 110 volts, 
represents a loss in 24 hours of 96 watt-hours, or nearly three kilowatt 
hours per month. As many small consumers have a consumption of only 
15 to 20 kilowatt-hours per month, it can readily be seen that voltage 
circuit losses in direct-current meters are a matter of great importance 


The Development of the Mercury-Motor Meter 


The other most important type of direct-current meter is the mercury 
motor watthour or amperehour meter. From the early meters of Hook 
ham and Ferranti several manufacturers, including the companies founded 
by these men in England, have developed excellent types of mercury 
motor meters, embodying many features not found in other direct-current 
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meters. Among these features are immunity to stray fields and to heavy 
vibration and adaptability to use with shunts for heavy loads. All of 
these features are important from the standpoint of first cost, ease of in 
stallation, and calibration. The mercury-motor meter is probably more 
widely employed today on heavy loads than any other type of direct 
current meter. 

The mercury-motor-type amperehour meter is almost universally em 
ployed in Great Britain on consumers circuits where nearly three-fourths 
of the consumers are still supplied with direct-current energy. Direct 
current watthour meters have never found the favor in Great Britain that 


they have in this country. 


Clock-W ork Types of Meters 


type of direct-current meter and probably the 
most accurate that has ever been pro 
duced, is the Aron differential clock 
type. This was invented by Dr. Aron in 
Germany in the late eighties and even 
to this day it has no equal where the ut 


most sustained accuracy in measurement 


Another interesting 





of direct-current energy is desired. It 1s 
however, far too complicated and ex 
pensive for ordinary use and now has 
small sale. In this meter there is a clock 
work having two pendulums, each of 
which carries a coil energized by the 
These 
pendulums swing above two coils in se 
ries with the line. So long as no elec 


electromotive force of the circuit 











tricity passes through the current coils, 





Fig. 11. Sangamo mercury- 
type watthour meter as man- both pendulums swing at the same rate 


ufactured since 1910, main Under these conditions the differential 
and terminal-box covers re- ie pede os ag | 

gears driving the meter register from the 

moved. 

electrically wound clock-work remain 
stationary. However, the moment the smallest amount of electricity passes 
through the meter, the periods of oscillation of the pendulums differ in 
proportion to the energy passing. The differential transmits motion to 
the register exactly in proportion to the difference in the pendulum rates 
and energy units are recorded. The curve of the meter remains practically 
straight up to the highest load, thus giving a most interesting type of 


instrument. 
A number of other so-called “clock-work” meters have been devised, 


but space does not permit their mention. 
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Oscillating-Type Meters pa 


Br 

Another type, used considerably in the past but to very small ext ‘a 
now, is the oscillating direct-current meter in which an armature mov a 
through an arc under the influence of series fields, instead of rotatin la 


At each end of the armature’s travel connections are automatically r 
versed so that the armature continues to move back and forth from o1 
end of the arc to the other. The cscillations are counted through a suit 
able ratchet arrangement and recorded as watthours by the gear trait 
This type of meter has little to commend it. 



































Fig. 13. German gas-type amperehout 


Fig. 12. Aron differen- meter recovered from German sub 
tial clock-type meter with marine, cover removed. Courtesy of 
cover removed. U. S. Navy. 


Electrolytic Meters 


A final and very important general class of direct-current quantity 
meters, is the electrolytic type, of which there are three general forms 
The first are those meters which liberate gas from acid solution. The 
measure of the quantity of electricity passed is the displacement of liquid 
by the gas in tubes suitably arranged with respect to a scale reading in 
ampere-hours. 

The second, and probably most interesting type, is the metal-deposit 
type, of which the original Edison chemical meter is the best example. 
In this meter there were two zinc plates in a cell filled with electrolyte. 
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The cell was connected across a suitable shunt in the load circuit. With 
passage of electricity, zinc was transferred from the anode to the cathode 
By weighing the cathode plate at the beginning and end of a period, its 
increase in weight, and thus the quantity of electricity which had passed 
was readily ascertained. This type of meter was generally used by the 
large Edison companies of this country and abroad on their direct-cur 


rent lighting circuits from the early 





eighties until about 1900. It was 
purely a quantity meter, but con 
sidering the state of the art in those 
days, it was admirable in its per 
formance and results. To prevent the 
electrolyte from freezing in cold 
weather and thus putting the meter 
out of commission, a lamp was 
placed inside the meter 

The third type of electrolytic 


meter and the one generally used 











today, is the mercury-deposit type 
Fig. 14. Edison chemical met The best example of this ‘ype is the 

er with cover opened Reason meter of England and th 
Stia of Germany, which is based on 





the Reason patents. In this meter, mercury is precipitated out of chemi 
cal solution by the passage of electricity and is carried over into a tube 
placed before a graduated scale. This scale is so calibrated that the height 
of the mercury gives a direct reading in ampere-hours. All electrolyti 
meters, as compared with other types of direct-current meters, have th 
advantage of recording every unit of electricity that has passed, no mat 


} <7 ] : 
ter how small in value compared with the capacity of the meter 

















Fig. 15. Reason electrolytic 
meter with cover opened. 
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The Development of the Induction-Type Meter 


From the beginning of alternating-current distribution until the ear 



















90's, when the polyphase system became a commercial success, there v 
little need for an alternating-current watthour meter. The Shallenberg 
amperehour meter already de 





scribed, or similar meters, were 
principally used on the single- 
phase systems. It was obviously 
possible to use a commutator 
type watthour meter on alter- 
nating-current circuits with reas- 
onably satisfactory results. Met- 
ers of this type were used to a 
considerable extent for measur- 
ing energy in single-phase sys- 





tems until the induction-type 
watthour meter was developed. 
Following the Frankfort-Lauffen 
polyphase transmission in 1894 
and the introduction of poly- 
phase motors, the need of a 











meter adapted to measure cor- 





rectly inductive loads we Fig. 16. Shallenberger induction 
ognized. Many inventors of in- matthenin icetin' ok Was. 
ternational reputation turned 

their minds to this problem which was solved by Shallenberger. 

An interesting story is told by Charles A. Terry, now Vice-President 
of the Westinghouse Company, and at that time its patent counsel, about 
this important invention. Mr. Terry, who was Mr. Shallenberger’s inti 
mate friend, was with him at Atlantic City early in 1895. One day while 
sitting on the sand, Shallenberger spok 





of the importance of finding som 
means of making a small single-phas 
motor, suitable for use as a meter, and 
with such relations between its current 
and voltage elements that the mete: 
would measure correctly at any power 
factor of load. He then traced on th 
sand the vector diagram showing th 
relations of impressed electromotiv: 














L = force and the phase angle of the volt 
Fig. 17. Stanley watthour meter age circuit of meters made up to that 

with cover removed. time. He then added the vector of a 
secondary circuit reacting with the main flux of the voltage-coil circuit 
so as to give a resultant or effective flux in quadrature relation with the 
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impressed electromotive force. A patent was immediately applied for on 
this invention, followed by other patents embodying various means of 
carrying out this principle in several types of meters. These patents wer 


soon allowed and were most important in the art. The need of an induc 





tion-type watthour meter, accurate on 
low power-factor, was particularly em 
phasized at this time by the building of 
the Niagara Falls plant. It was here 
that the first Shallenberger-Westing 
house watthour meters, embodying 
quadrature of the shunt field, were 
used. All modern induction mete 
throughout the world embody this fea 
ture in some way, for otherwise they 


would be useless except on purely non 





inductive loads 





Other pioneers in the induction 








meter art, aside trom a number abroad 
Fig. 18. Duncan Fort Wayne 
alternating-current watthour E ‘ 3 
meter of 1899 Scheefer, Duncan, Gutmann, and Stan 


not of particular interest to us, were 


ley. The induction meters of these and 
other inventors were brought out in this country during the years 1894 
to 1900. Of these meters the most interesting was the Stanley which 
embodied the then famous magnetic flotation for the moving system. The 
heavy permanent magnets which served as the control magnets for th 


moving system were so arranged in this 





meter that the aluminum disk, suspend 
ed on a steel shaft guided by a piano | 
wire, literally floated in the gap space | 
of the driving and retarding structures, 
and therefore had no bearings in the 
ordinary sense. The construction, while 
it had many advantages, was expensive 





and after a time gave trouble due to 
several causes. As a result, it has not 
survived in modern meters, as the re 
duction in weight of moving systems 








and improvements in lower bearings 





have made such complication unneces 
Fig 19 Scheefer alternating 


sary. current watthour meter of 1898 


Induction-Meter Art now Standardized 


By the year 1900 the alternating-current system of distribution, both 
polyphase and single-phase, was becoming more popular throughout th 
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world than direct-current systems, which at that time, in the Unit 
States, became confined principally to a few large cities and to tracti 
work. The demand for alternating-current meters was therefore great [ 


stimulated and a number of manufacturers were engaged in making t 





several types of meters mentioned. However, from 1900 to 1904, pate: 
litigation was carried on under the famous Tesla split-phase patent 
Nos. 511,559 and 511,560, which were owned by the Westinghou 
Company with license rights to the General Electric Company. Thes 
patents, after long, bitter and expensive litigation were eventually su 
tained as covering practically all types of single-phase motors, and wit} 
out question, motor elements of induction meters. From the early part 
of 1904 until the expiration of these Tesla patents in December, 191! 


induction meters were made only by the owners and licensees of thes 


























Fig. 20. Gutmann watthour 
meter of 1899 with cover Fig. 21. The Siemens-Schuck 


removed showing cylindrical ert meter with cover 


armature removed 


patents. Naturally this resulted in the absence of incentive to other 
manufacturers and inventors in this art during the period mentioned 
with the result that further important development in the induction 
meter art were largely delayed until after 1910. The alternating-current 
meter art is now thoroughly standardized throughout the world, and 
while there are many types, both of single-phase and polyphase meters, 
all operate on the same principle—that is, of the Ferraris or Tesla rotat 
ing field. The various meters differ widely, however, in details of design, 
such as weight and form of moving system, upper and lower bearings, 
arrangement of retarding magnets, driving structures and registers. They 
also differ in power-factor, light-load and full-load adjustments, in losses 


and in torque. 
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i New Instruments i 


l Recently Developed by Instrument Manufacturers | 
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Spindler & Hoyer Viscosimeter 


(Akatos, Inc.) 


HIS viscosimeter registers automatically the damping of a pendu 
lum which swings in oil. This damping is a measurement of the 
viscosity. 
The new viscosimeter has the following advantages: 
1. Greater accuracy 
2. Applicable within a very large viscosity range without interruption 
of measurement or cleaning of the instrument, respectively. 
3. Time required for each measurement about 10 minutes 
4. Can be used for high temperatures (150° C and more) 
5. Automatic registration of the curve thus eliminating possible errot 
of the observer. 
6. The possibility of measuring impure or graphitied oils 
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The pendulum-viscosimeter (Fig. 2) consists of a pendulum (a) with 
an adjustable weight (b). The pendulum is attached to beam (c), th 
latter being provided with adjusting screws (d) for regulating the tim 
of oscillation. Above the beam (c) a frame is provided carrying th 
small ball (f) and the mirror (g). The ball emerges to a certain depth 
into the oil vessel (h). An overflow tube (i) provides for constant 
heights of the liquid when in case of warming the oil begins to expand 


An electric heating device is built into the outer vessel (k) in order to 


make it possible to obtain any required temperature of the liquid. 
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The photographic film rolls off in a light tight case (1), the oscillat 
is registered automatically on the film in such manner that a light 
from lamp (m) with a diaphragm of small aperture (n) is project 
‘through lens (0) in tube (p) by means of mirror (g) 

The mirror, being permanently fixed to beam (c) makes all mov 
ments with pendulum (a), while the film is rolled off by means of 
modified Morse apparatus (q) and driving cord (r) 

The case (1) contains a table which flattens the film while gliding oy 
it and which is provided with a pointed needle to draw the zero line « 
the film. The electro magnet (s) permits the pendulum to swing o1 
from a given distance and assures accurate release 

Two special designed gauges are provided to measure and check 
correct immersion depth of ball (f) in the liquid. The one is for measur 
ing the distance between ball (f) and upper edge of beam (c) and tl 
other for measuring the distance between the edge of the overflow tul 
and the upper edge of the beam. The temperature of the oil is tak 
with thermometer (t), the bulb of which is enclosed in a ball-like coy 
of 12.71 mm diameter and which causes the friction of the oil particl 
in the liquid. Thereby the temperature of the oil particles subject 





= 
Liew 








t 
| sf Fig. 2 
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friction during the oscillation of the pendulum is measured, and no error 
can occur in case temperature variations should exist within the ot! 
bath. However same can be checked by using a second thermomete1 
Uniformity in temperature may be obtained by stirring the oil bath with 
the pendulum before taking measurements. The magnet (s) is adjusted 
in such way that the primary angle of oscillation is 10° for the vertical 
position of the pendulum. For the approximate determination of the de 
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1] l 
he oscillation following can b 


| 11K 


creasing angle of the pendulum during t 
read from the degree scale (v) attached to the base of the center column 

The liquid to be examined is poured into the oil vessel (h) and brought 
to the desired temperature during which time the pendulum should 
swing in order to obtain uniform temperature throughout the oil vessel 
The pendulum is then arrested by the electro magnet, the film drivin 
1K d On The pt ndulu | 


cenaaal 


mechanism is put in motion and the lamp switcl 

released and the curve is taken to a certain (about 30°) angle « 
escillation. The time of oscillation need not be calculated to obtain the 
damping co-value and therefore a possible uneven movement of the film 
does not cause any disturbance 


Photographic paper can be used instead of film when copies are not 


required. The film can be inserted in daylight 
The stage is provided with a pointed needle upon which the light 
spot must point when the pendulum is at rest, any deviation therefrom 
is adjusted by the mirror or can be later calculated when the measur 
ments are made 
A sharply focused light spot on the film is obtained by displacing’ th 
large tube (p) with lens (0), the latter produces a sharply focused image 


of diaphragm (n). 
J f 


A Convenient Indicating Device for 
Dividers, Calipers and Compasses 


] 1 
O eliminate the tiresome and slow operation of taking measur 
ments directly from a scale or rule, a novel and practical device ha 


been designed by, Hugo Semrau, Pittsburgh, P: 
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The illustration shows a pair dividers having slides to be clamped 1 
its legs, a graduated disc is carried by one of the slides and a rota 
pointer, mounted co-axial, which can rotate upon the disc. A drum 
arranged to rotate with the pointer and a chain attached to the dru: 
and to the other slide. 

The dial is graduated in 1/64” and 1/100”, half of the dial represent 
ing 1 in., is graduated in 64ths, the other half representing 1 in., gradu 
ated in hundredths; the double pointer revolving upon the dial, indicat 
on the one side of the dial fractions of an inch and on the other side th 
corresponding decimal equivalents. 

The dial performs the function of a vernier, and when made of a suit 
able size, the graduation upon the dial being magnification of the actual 
distance. 

For the enlargement or reduction of drawings, the instrument can hi 
provided with a dial for the direct indication of any desired units, such 
as inches, centimeters, feet, yards, miles, kilometers, etc. 

The application of this device is not limited to drafting compasses, 
toolmaker’s dividers, and inside or outside calipers, but is also adapted to 
be used with any measuring fixture which requires accurate readings and 
quick manipulation 


In 1757, John Dolland, an English optician, invented the achromatic 
telescope by the combination of flint and crown glass. 
John Frederick Daniell, a chemist of London, England, introduced the 
expansion pyrometer in 1822, using a platinum rod encased in plumbag: 
and equipped with a device for moving a pointer over a scale. 
In 1825, a pyrometer was invented by John Frederick Daniell, an 
English natural philosopher. 
In 1826, Antoine César Becquerel, a French physicist, used various 
thermocouples to measure temperature, especially one of platinum and 
palladium. 
A new pyrometer was developed about 1851 by Gauntlett, which con- 
sisted of two metallic rods or tubes, one inside the hot blast pipe and one 
in the cold air outside, the differential expansion actuating a pointer on 
a dial. 
Sir Williams Siemens (1860) suggested that the variations in electric 
resistance with heat of a platinum wire could afford a pyrometric method 
He actually used the method as a thermometer with copper wire. 
Calorimetric pyrometers, based on Regnault’s “method of mixtures,’ 
were first made for industrial purposes by Bystroem, who patented an in- 
strument of this type in 1862. 
Pyrometers were not used in the United States to measure the tem 
perature of Blast Furnaces until 1862, when Edward Brown, of Phila- 
delphia, introduced an English pyrometer. 
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The Rockwell Dilatometer, With 
Panel Built Into Instrument 


(Stanley P. Rockwell Company) 


HE panel board holds a vibrator which can be used as desired di 
eae upon shop vibrations, light for automatically indicating 
critical range, bell for automatically indicating completion of critical 
range, and bell ringing transformer for direct connection to 110 o1 
volt line. 

The knife fulcrum has been superseded in this model by the pivot 
fulcrum, giving greater accuracy with this instrument for calculations 


involving expansion. 

















By this method of construction the instrument is shipped so that it 
can be set up with a minimum amount of assembly without adjustment 


of any sort. 

This instrument is designed for attachment to any stationary type 
furnace whose hearth is of a ceramic material and rigid. Various lengths 
of quartz feeler rods can be supplied depending upon furnace size. For 
extremely large furnaces the instrument may be mounted at a distance 
from the furnace and the motion of the work in the furnace transmitted 
to the Rockwell Dilatometer by a liquid transmission unit. 
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Current Literature Review 


l Abstracts on instruments of interest to 


instrument readers 
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Measurement of Concrete Materials. R. T. Giles, Can. Eng. Feb. 7, 1928, 


203-204 
I ntial featur in the mixing of concret for ft j nstruction described in 
Annual Convention of tl 4 n Road Builders’ Association ( 
Weig ¢ thod for fine and irs t J. H 
Action of Pure Water on Cement Mortar Briquets. Engg. News-Rec. Fel 
1928, pp. 236-237 
Abstract of an article fre Le Gér Civil which giv the results of tests made in tl 
he Société des Chaux et Ciments de Lafar td Teil. Tests st jisintegr 
lled water, no change resulted fror 1 river ter J. H 


Electrical Methods of Geophysical Prospecting. J. J. Jakosky. Engg. Mi: 
Feb. 11, 1928, pp. 238-244 
First installation of article gives a brief d . f+ fundamental fact 
t J. H 
The Martienssen Methane Detector. F. O. Willhofft. Min. & Met., Feb. 19 
pp. 66-68. 
Description oo rtable device for detecting the preser f methane in gas 
| I ce as by an expert M. B. R 
Sensitivity al Poried of Oscillation of Simple and Composite Scales. (Empfi: 
lichkeit und Schwingungsdauer einfacher und zusammengesetz 
Ww aagen). Max snag V. D. Zeits., Jan. 14, 1928, pp. 50-53 
Th nee of sensitivity 1 the period of oscillation upon the shape of the bear 
th position of th knife ¢ in “the beams, upon the arrangement of the beams t 
l n the load Tie 
lnctemnontal Works on the Nature of Glacier Motion. Rollin T. Chambe 
Jl. Geology, Jan.-Feb. 1928, pp. 1-30 





Measut nt f the internal shearing in glacie1 vere made with self-rec g 
pparatus, in an endeavor to decide between viscous fl nd crystalline yiel« ‘ 
phen non in glacier motion Thea 1utomatic records show that slipping takes | 
lefinite shearit lanes, at times gradually and at other tir by distinct jumps.J. H 


The Peactbent Side of ~ sa sienna Testing of Aircraft. T. H. England. | 
Royal Aero Soc Jan 1928, pp 6-24 


The objects of performance testing are listed. The following tests are taken up: Par ( 
Climbs, Sy js, Sy i Course, Stalling and Landing S; js, Longitudinal Stability, | 
I I Radiator Tests, Vapour Separat I iP i¢ mption 1] 


A New Universal segs angi ge Intensity Measuring Set. J. Hollingw 
Jl. Scient. Instr. Jan. 192 > PP 1-9 





It is 7 te it that the existing measuring apparatus has been found not 
ly refined for th ipl x 1 in the stud f the polar 
r s; and a detailed description ven of a new apparatus f the purpose, wh 
P de signed to measure in rapid suc sion th : = F.’s in 2 coils oriented in diff 





n these E M.F.'s.—M. B. R 
Chemnees Metz r iii, ond Their hasieeton to “Seanderd Air Condensers of Low 
Range. D. A. Oliver. Jl. Scient. Instr. Jan. 1928, pp. 9-14 
lativel sy 0 od makin art joints is described 





Ar eth of j z-metal i In the case of q 

tubs t platin tint Tt t ) special tinned s 

ple { t t made \ W 1's ay tion of such joints to t 
s ict { v r Cc t X 





ra stat ximately 5 given in seca IM. B. R. 
A Simple “Method er “> adeno ier ‘Seomen, R. J. Clark. Jl. Scient. Inst 
Jan 192 8, pp. 14-15. 


v ssel into a M L od Gauge, and mea the rat ssure therein.—M. B. R 
Additional Information on the Contesction a Steel ‘Cation. (Beitrag 
Schwindung von Stahlguss) F. Koerber & G. Schitzkowski St. u. E. Fet 
2, 1928, pp. 129-134 and Feb. 9, 1928, pp. 172-178 
The practical importance of contraction. Changes in shape and crack formations due 
ferences in contraction. Contraction tests on Acid open hearth castings of simple rod rods. Con 
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German Insulating Materials. H. Prehs ast )28 5 
1928, pp. 69-71 QR 
I principk 
ped in Ger Met! 
ssif t I M. |} R 
A Simple Method of Determining Stress in Curved Flexural Members. 5 
min J. Wilson & J F. Quere: | | St Univ Ill. ( 
lar Ne 16 
The ol 
t k 


The Absorption of Sound by Materials. 


I I I 
Univ. of Ill. Bulletin No 
Heat Transfer in Ammonia Condensers. Kratz, H |. M 
and Richard E. Gould. Engg. Exp. S { | B h 
The Surface Tension of Molten Metals. | E. ] I | 


of Ill. Bulletin No 
T} bulletis re 











The Effect of Climatic Changes Upon a Multiple-Span Reinforced Concrete 
Arch Bridge. Wilbur M. Wilson. Engrg. Exp. Sta., | Il. Bullet 
No 174 
TI t ‘ ¢ ' ¢ ¢ 
tere Nh } ind th I I t 
Causes of the Volume Changes which Accompany the Hardening of the Alloys 
of Aluminum and Copper. Pierre | Albert Porté Com} 
tes Rendus. Jan. 16, 1928, pp. | 
A discus ft 
The Dufour Oscillograph. Genie ‘ 
4 2 eS” ean a ‘ | FE. ¢ | 
eauory 7.1928. Fi 
late or paper.—O. W. I 
The Deep Etching of Steel. (L’ essai di ) Genie | 
28, 1928, pp 90 
h seview be P. C. of 
icrograph x | 
F referred t 
Apparatus for Removing Samples of Liquids from Rivers and Canals. | 
Civil. Jan. 21, 1928, pp. 78 
This apparat vhich w lev t 
rit j ; th BR letir OVhy 
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Information Section 


Correspondence from instrument users and others 
pertaining to or relative to instruments 


HIS section invites correspondence from instrument users and others 
tive to questions pertaining to instruments. If our own editorial staff 
feel that any question submitted cannot be readily answered, we will obtair 


necessary information from some of our collaborators. Thus the greatest 


perts are at the disposal of our readers in assisting them in the solution of t 
instrument problems 

Names and addresses of manufacture f instruments will be furnished 
special request. Inquiries pertaining to sources of supply should be addressed 


writing to our Information Section. Such inquiries will be answered prompt 
by mail. 


Inquiries regarding instrument problems will be answered by public: 
this special “Information Section” of INSTRUMENTS. We feel thi 


besides the inquirers may be interested in the same or similar problems, ar 


this way all of our readers wilf obtain the benefit of the information furnishe 

No. 1. We are at the present time looking for an instrume 
detecting noises in ball bearings. We are wondering if you have at 
information in your files about concerns which make instrument 
which could be used on a production basis, for detecting noises 
bearings?—V. W. F. 

No.2. Can you put us into communication with the manufactur 
ers of the Howard-Dolman Depth Measurement Instrument?—E. F. H 

No. 8. Can you give us the name of any concern that could supp! 
us with a jump spark coil that would give a spark 24 inches long? T} 
coil should operate on a storage battery with six or twelve volts —A.A.D 

No. 9. Kindly furnish me with reference for an electrical instrun 
for detecting water leaks.—L. L. T 

No. 10. We have at our plant a fatty acid still and would lik 
have you furnish us information as to where we can get an instrum 
or apparatus that will show the liquid height inside the still. The ope: 
ing conditions of this still makes it difhcult to install a device that wv 
show the liquid level. This still is 10 feet in diameter, about 15 feet hi 
cast iron, directly fired and operating with 25 to 27” vacuum 
E. M._N. Jr. 

No. 11. We have been trying for some time to find a meter whi 
will accurately measure the oil going to the burners in our kilns. Th 
burners use about six or eight gallons of oil per hour and the oil is t 
to the burner through a one-half inch pipe, under a pressure of 
pounds per square inch.—G. E. $ 

No. 12. Can you give us the names of the manufacturers of a hat 
ness testing instrument which can be used to test a cylinder of 10-1 


diameter or larger.—J. C. B. 
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Karl Luedemann zs. Insti ent Jar 


Results 
Special Arrangements for Observing the Position of Box Level with Levels. 
( Besondere Vorrichtur I htet | ibellenstand bei 

lierinstrumenten) P 
An arrangement for ! I t 
The Investigation of a Breithaupt Circle According to the Method of Heuvelink 
and Remarks on this Method of Investigation. (Untersu €1 
Breithauptschen Kreises nach det t le nk 1 B 
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The Determination of Circle Division Errors. 
fehlern) A. Bohrmann. Zs. Instrument 
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Tests i in Locating Faults of Treatment. 
ing. Feb. 1928, pp. 146-149 
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quality are described. The causes of failure are 
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Cylindrical and Thread Plug-Gages. |]. S.A. E. J 
R mmendatior f : ond . 


Locomotive Tests at Purdue. Railway Jour Jar 
Feats bei »de | N | A ‘ | 


Fatigue Tests of Carburized Steel. H. F. M 
A. §. 8. T. March 1928, pp. 405-419 
This paper presents t , ( . , 


g pot Cc. Ww. k 
High Speed, High Voltage X-Ray Diffraction Analysis of Metals. 
St. John. Tr A. S. 8. T. March 1928, pp. 4 192 
A quick and conv t method of X-1 t 
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A Comparator-Microphotometer. 
pp. 63-67 
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A Universal Spectrophotometer. 
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Precision Measurements in the Machine Shop. (| 


schinenbau) Max Kurrein. Messte k. J 


The International and the Absolute Electrical Units and Their Relation to One 
Another. (Die internationalen ur e absoluten elekt , | bs 
und ihre Bezichung Zueinand ilhelm Jaeger. Messtechnik. J 
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New Arrangements and Methods for Microscopy with Incident Light (N« 
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messung ) Prof. Klasmer. Zs. Verme Fel 





INSTRUMENTS March 


.] 


Page 20 


SS SoS] ]>]5S>— 
ij 


i 


| 
SERS Se a 


Readers’ Comments 


; , 
the February issue of your publication ar 
he field of instruments, but 


It was my good fortune to see 
¢ { 


yngratulated, not 


> Cl only 
in which the 
the name given below this year’s subscription and 
al ails fe er er es { a fs aes 
ith the january issué ( iume is desirec I you expect 
> : 


+} ne 
Ul one 


E 


to “INSTRUM 


The second nun 


NTS” asking 
r has bee 


ded 
€ 


‘INSTRUMENTS” is 
) fit to the practical man 
t background of 


instruments. I ar ; 
ink T have apes Pe ae = 
tnat lave Set ne past were Ss 


Ty) t tr t } > 
ldt Is pene 


have let SO 

handle 
11 +1 
ail the Magazines I 1 
| , 

sO sketchy that you know very little 


y I I 
ou seem to Nave hi 


about the instrument it 
the happy medium betwi 


the article 


made it possible for 


ese two extremes ind by meat oO! rT 
ry > 1 
to mak« articular instrument an op} 


person who desires l 


tunity » do so 


nt journal? importar 
and sincerity: support 
concerned in 


rns and ramble in 


t Physical Research L: 


nysicist 


Goodrich Company, 


y 1928, unti 

yl ing sent to me. It ha 

f Coast and Geodetic Survey 
lagazine on instruments. This field is very 

ind I have frequently heard expressed in the Coast 

1 real demand for a good period: 

I al 


ve delayed answering 
ypy of “INSTRUMENTS 
yet arrived, but I am sure 
welcome another 
publications in Engl 
Geodetic Survey the 
I shall be vi oO d ) everything 
hey submit them t 
Very truly yours, 
C. L. Hodgson, Assistant Chief 
Division of Geodesy 
Department of Commerce, 
l S. Coast and Geodetic Survey, 


Washington, D. C 


18 


the subject I car ggest to authors o 


suitable for your magaz 








March, 1928 INSTRUMENTS 


Equations and graphs arc ven which represent 
ment 
A New Magnetic Normal Theodolite. (Ein Neuer Magne 
let) R. Bock. Zs Instrument Jan. 1928, pp. 1-14 
A magnet theodolite here described and illustrated, in addition to 1 
ations of horizontal intensity for the extensive 
actly their parameter 
The Influence of the Mass of the Spring on the Dynamic Properties of Engine 
Indicators. (Der Einfluss der Federmassen auf die dynamischen Eig¢ 
schaften von Indikatoren) Otto Holm. Zs. Instrument. Jan. 1928, pp 
14-26. 
The mel, pes 1s ntilever and _ 


+} ill , nr 1 ly 
hat dynamic the x é 


An Electrical Solution- Mixing Hevie e. * 
Engg. Chem. Feb. 1928, pp. 213-216 
il titrat methods i l employ el 


A Hardness Tester for Rubber. 
Engg. Chem. Feb. 1928, pp 


structed te 


Measurement of Surface Temperature. 
Engg. Cher Feb. 1928. pp 124 
Methods for attaching tl PL er 


re attached fore plating so that they a mbedded in t 
Direction are i mak h nt t ‘ M 





Value of the >. iabilies clin 2 in icihaiens d Rubber. 
Engg. Chem. Feb. 1928, pp. 140-143 


r the 


di tie uhcudiene: 01 nd thods of us¢ re giv 
A Modified Weighing Pipet. Graham 
P 158. 
A modified Lung 
uantity ar asenial may ven ‘ 
Explosive Properties ye pmnanae Solvent Vapors. 
Sutton. Ind. Engg. Chem. Feb. 1928, pq 
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If you are unable to find what you require in the Buying Section of In 
struments—Industrial and Scientific, fill in the form below and we wil! 
obtain full particulars for you without charge. Give complete infor 
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Instruments Is a New Periodical With a 


Wide Field of Usefulness 


VERY article appearing in INSTRUMENTS begins on the right 
hand page, the pages are numbered consecutively and side wire 
stitched. This makes it possible for each reader to build up a technical 
record of the articles in the form best adapted to the needs of the reader 


1. All issues of the journal can be collected and bound into an annual 
volume. 
The technical information appearing during the year can be assembled 
according to subjects 
The single articles may be assembled in loose leaf note-books, binders 
or in filing jackets or in any manner desired by the reader. 


In addition to the regular table of contents, there is a 3x5 file car 
section carrying the title, author, volume, number of issue, and date and 
pages on which all original articles may be found. These are bound 11 
the back of each issue and when cut out and filed give ready access ti 
important instrument information, which the reader may be searching 


for at some future time. 


INSTRUMENTS is indispensable for 

The OPERATING MAN, for reference purposes or to increase his 
technical knowledge; 

The SPECIALIST, who must follow all the developments in instru 
ments in his special field; 

The INVESTIGATOR and SCIENTIST, who desire to follow the 
developments in instruments outside their own field; 

ROUTINE and RESEARCH LABORATORIES, who desire infor 


mation on instruments. 
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Below are standard file cards, which the ed T es will be a valuable asset t 
you personally. These cards will be bound in ea é Instruments and will cove 
the original articles contained in that issue. The lor of the card and ink to be used 
is shown here. This will facilitate distinguishing the INSTRUMENTS FILE CARDS 
from others with which they might be consolidated 

The editor suggests that these cards t full t out immediate ece 
INSTRUMENTS and filed in your desk in a file box on top of your desk. You wil 
then have within easy reach an index of inst t informat ulculable value 

The card is arranged with a space f ubject 1 ber at the t 
Suggestions as to classifications for the cards bel are 

INSTRUMENT PIONEERS 

HUMIDITY TESTS 
INSTRUMENT PIONEERS—OLIVER BLACKBURN SHALLENBERGER (1860-1898) 
INSTRUMENTS, Vol. 1, No. 3, March, 1928, pp. 131-134, 1 Fig 

The life of Shallen) r is brief 
Humupity Test EQUIPMENT 
E. B. WOOD, INSTRUMENTS, Vol. 1, No. 3, March, 1928, pp. 135-140, 3 figs 

The effects of humidity are briefly mentioned. Th t B Telept Lat 
testing the action of humidity is then described. T} j r 
insulated rooms, air-tight stationary chamber i 

The third group is described in consider j I f 
solutions for controlling humidity in the small I . n uj 
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DETERMINATION OF SPECIFIC GRAVITY, SURFACE MOISTURE AND VOID 


AGGREGATI MIXTURES 


CLOYD M. CHAPMAN. INSTRUMENTS, Vol 
150, 1 fig. 
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ELEctTrRIC METER HISTORY 


R. C. LANPHIER. INSTRUMENTS, Vol. 1, 
21 figs. 


No. 3, 


March, 


Early type of meters. Direct current meters first to be developed. Early types of 
‘ 


Types of commutator motor meters. The development of the 
Electrolytic 


meters mercury motor 


types of meters. Oscillating type meters meters. The development of 


meter. Induction meter art now standardized 


a 


1928, pp 


151-162, 


alternating current 


Clock work 
the inductio 


meter 




















Something NEW in Thermometers! 
A Small Size 


“Handy Bristol’s Recorder” 


Of unusual interest to users of recording 
ermometers will be the latest addition to 
e “Bristol's” line: a miniature size instru 

nt using a chart but four-inches in dia 


c 
Charts used are designed with parti 


eter yn 
lar attention to the type of service re 
ired. and offer very clear readings over 
propriate ranges 


new model is entirely self-contained 
hen installing it is simply necessary to 
e wherever temperature readings are 
>d no leads or other form < connec 
ns are needed 
convenient 
portable 


permit ot Nees ‘ | = 4 : A ; : 
| Bristol Company 


support 


care has been taken to insure ac Vaterbury, Connecticut 


rate, dependable readings and trouble 
yperation. The measuring element con 
sts of a bi-metaliic helix which is positive 


operation and extremely sensitive to tem 
perature changes. The pen’ 
is attached to the meas 
iring element and_ records 
lirectly on the chart without 
he aid of any intervening 
omplicated multiplying 


ices. A special frictionless 





The Most 


Complete Line 


of Recording and 
Control equipment 
including: Pressure, 
Pressure Control; 
Liquid Level; Tem- 
perature; Tempera- 
ture Control; Elec- 
tricity, Speed, Mo- 
tion, Humidity, etc. 
Write for catalogs. 
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Industrial Instruments are important in the Power Plant, but no 
important is your Power Plant Piping. 

We are fully equipped to not only furnish tabricated materials but to inst 
complete piping systems for Electric Power Stations, Blast Furnaces, St 


Mills, Coke Works and Industrial plants of every description. 


Let us solve your piping problems. 


PITTSBURGH PIPING &@ EQUIPMENT Co. 


43rd Street and A.V.R.R., Pittsburgh, Pa. 


Specialists in Welded Wrought Steel Headers, Flanged Iron and Steel Fittings, 
Pipe Bends and Fabricated Piping for Power Plants 
New York, 220 Broadway x) INDIANAPOLIS, Trac. Term. Bldg 
CLEVELAND, Ulmer Building Detroit, Gen. Motors Bld; 
Cuicaco, Peoples Gas Building ., HouGuTon, Micu., Dee B! 
SAN FRANCISCO, Call Building Boston, 10 High Street 
DaLias, Texas, Am. Ex. Bk. Bldg. 
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